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A valve mechanism for a needleless connector employs a defonnable 
piston bavin; « piswa iead of elliptical cfestsection with a marquise-shaped 
bore formed along its longitudinal ait wherein die major axes of the 
respective generally elliptical shapes are onemed perpendicular to one ' 
another. The piston bead is captured *drjiin the connector housing and Is 
reciprocal between a section of reduced diaactcx adjacent the connection port 
and a section of enlarged diamete r. Constraining the piston head ikio the 
section of reduced diameter causes the elliptical bore to be squeezed shut 
while positioning the piron head in the lection of enlarged diameter causes 
the piston head to relax and assume its natural clinical shape, while the bore 
simuarty regains its natural open shape to provide a fluid path, therethrough. 
, A compressible or e^wndiblc section affixed to the piston head serves to bias 
the piston into the section of reduced diameter, A tapered section of the 
piston contacts the housing to secure the top of* the piston flush with, the top 
15 • of the housing for case in cleaning. 
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' The inYcntion relates generally to connectors of the type used m the : 
handling and administratis of parenteral fluids, and more particularly, to a • 
valve mechanism incorporated wklun such' connector for-enabling a fluid 
interconnecuon to be made therewith without the use of a sharp cannula. 
5 Injection sites for injecting cr removing fluid from* l syncm, such as an 

IV uifusion set connected to a -patient, or i fluid reservoir, or dmg vial, are 
veil known and widely used Conventional injection site* generally mvolye * 
pierceable septum formed of an elastomeric material such as latex rubber or 
the like, captured in ah access pore. The housing of the 'septum may, for 
10 - example, be the Y-body ol a conventional Y*he component of an IV delivery 
set, A abarpcanimU is inserted into &ea^ 

position the distal, open .end of die cannula past the septum to make fluid 
connection whb xbe; interior, of the access port. Upon wuJulrawal of the 
sharp cannula, the.daimmcne septum rcseals itself thus maintaining a sterile 

15 environment vfrhia the housing of the injection site. The outer surface of 
the septum of the injection she is wiped viclt an antiscptifc before each use to 
prevent septic agents from being drawn into the access port by the piercing 
movement of the needle. ... 

More recently, connectors for accommodating the 'injection and 

20 withdrawal of fluids without* the use of sharp cannulas have been put to use * 
in inc r eas ing uurnbcrL This is due, at least in part, to concern regarding the 
possibility of the transmission of blood-borne diseases through accidental. 
: needle puncture* of pertons, handling the sharp cannulas* Correctors having • 
no sharpened surfaces are desirable because such hazard is thereby eliminated. 

25 However, some existing needleless connectors suffer from various 

shnrtCDrnings.. For example,' relztively complex Wnfigujations employing a 
large number of pans are'difficult to manufacture and assemble. This not 
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only Increases costs but may pose problems in service. Additionally, complex 
systems may not be intuitive to use which tnay prove distracting and 
therefore undttiraMe in the typical hospital room environment. 

A further concern in the design of needleless connectors Is the order of 
5 events in which the cooneetjon Is made. For example, allowing fluid to 
escape or alt lo enter during interconnection due to the female connector 
being opened before the male connector is sufficiently seated. is undesirable." 

Additionally, some existing connectors accommodate a relatively large 
interior fluid volume requiring the injection of a com'mensurardy large 

10 volume of fluid just to 131 and prime, the connector. If not taken into 
account, this fluid yohiroe can detract from the volume of medicament 
injected into the patient and insy be clinically significant; Ad inconvenient 
. separate flushing procedure may be required in low dose injections or in the 
injection of unstable medicines diif to this relatfrely large interior volume. 

15 Moreover, relatively complex geometries and. the use of springs and the like 
in the veucd portion of trie connector interior may rise to "dead spaces 7 
where fluid tends to linger due to poor flushing, Dead spaces giv« rise to 
problems similar to those occasinnd by large ktcrior^^ 
resulting in the inconvenient requirement of flushing. • 

20 Where metal components, such as metallic springs, are used in 

connectors/ the metal components can interfere with r^g^"^ resonance 
imaging .used in hospitals, A further difficulty with the us- of coiled metallic 
spiings is the care dial must be taken during manufacture.' Allowing coiled 
springs to come into contact with each other while awaiting .assembly in» 

25 the valves may result in the springs becoming entangled with each other 
necessitating farther handling before they can be installed 

Furthermore, it is desfrablc that needleless connectors be configured 50 
that they can be easily cleaned by' an antiseptic wipe, or otherwise sterilized/ 
prior to making a connection. All exterior surfaces that may be Involved in 
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the transmittal of fluid should be readily available for cleaning prior to the 
couQcoion being made- Some prior connectors have a small rift cr fissure 
defined by a clearance between parts. Such a feature is'difgoilc and 
inconvenient to clean in attempting xo sterilize a connector. Alternately, 
5 connectors requiring a cap to maintain a sterile connection port prior to use 
- are undesirable because the extra steps involved in removing and replacing a 
cap are inconvenient; while the manu&cnire of the cap adds expense. 

The ability to accommodate a high fluid flov iate is also desirable in a 
needleless connector. Physicians in'ccnab sanations order the administration 
10 of medicajnents at high flow rates. Some prior connectors'have restrictive 
geomezries that limit their flow capacity such that administering fluids at high 
rates is impossible. The use of tortuous flow paths through a connector or 
multiple openings through a movable valve device through which the fluid 
must flow" can result in a reduction of the maximum rated flow rate for the 
15 connector. With some restrictive geometries! higher flow, rate requirements 
may «pt beposuUe under graviiy head flow conditions and a positive 
pressure pump may be needed. Such connectors would be undesirable where 
pumps are not available and the usefulness of such connectors would be 
severely limited. The increase of flow rare capability and elimination of the 
20 tortuous' fluid path can alio facilitate priming of the Connector and reduce 
potential blood hemolysis. 

In addition, the performance of connectors incorporated into IV 
. administration acts and used to allow automatic piggyback administration of 
medicaments becomes degraded when high flow rates. thniugh the 'connector 
25 cannot be accommodated. If high flow rates through the connector cannot be 
accommodated, auxonuuc piggyback rates using infusion pumps must be 
limited to relatively low infusion rates. Otherwise, accidental simultaneous 
flow of primary fluids may clecur when normal head h*lghi differentials axe 
• used between the primary and piggyback containers. Higher flow rates 
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ihrOu(h the needleless connector allows falser flow rates of automatic 
> piggyback administration without the possibility* of accidental simultaneous 
flow of primary Quids. 

A funhcr consideration in the design of a connector is it* compatibility • 
5 with other connector*. Ia fkott Cases vhttc a cannula is' mounted internally 
in a needleless connector to slide inside thefluH port of a male connector 
inserted into the needleless connector to establish the flow path*, the outer 
diameter of ibat cannula must be closely controlled so that h can successfully 
mate with M wide range of male connector*, ticking it too large may result 
10 in interference with certain male connectors thus rendering them unusable 
with the needleless connector. However, making the outer diameter of the 
cannula too small npulu in reduced fluid flow rates through the cannula. 

Additionally* the internal cannula'in the connector can damage the 
valve: itself. la'particular, the cannula can pierce, cut h or tear a rubber piston 
.15 or septum mounted over it and damage the rescalability. of the, valve. The 
cannula could also create particulate by tearing off portions of the, rubber 
.piston or septum when a male luer is inserted into the connector. This may 
occur where the bore 'of the 'male her interferes with or is closely sized with ' 
the cannula and creates a punching action that removes a piece of the rubber 
20 ' septum. Consequently, it is desirable to avoid such configurations. 

Hence* those concerned with the development of connector? have 
- recognized the need for an improved needleless connector' thai has a relatively 
simple construction- with a small number of parts, that avoids the entry of air 
when the initial connection is made; that has reduced flushing requirements, 
25 that Can be easfly cleaned prior to u$e t and that permits a, relatively high fluid 
flow rate* The present invention fulfills such needs and others. 



1 408 735 8762 - 05-13-96 06:0lAM P007 #17 



1 




I 



.i 



;i 
• * 



10 



2175021 

Docket No. 36416 s 



' SUMMARY Of THE IMVp^^ 
briefly, and in general terms, the mvention is directed to a needleless 
connector incorporating a valve therein tfcat is constructed of a small number 
Of parts of relatively simple design, is relatively inexpensive ro manufacture, is 
easy and intuiive to use, is easily cleaned, and dnes not require a protects 
cap. Moreover* a device in accordance with the invention accommodates a . 
relatively high flow rate and has minimal intcrior'fhiid volume and -dead 
space." \ 

• More specifically, the conneaor nf the present invention comprises a 
hollo* housing having a connection port, an exit orifice; a first section of a. 
first preselected cros**ectbnaI shape and sla disposed adjacent the 
connection port, and a second section of a second preselected cross-sectional 
shape and size. A deformable piston head having a tore is received within 
the housing so as to be movable between the firsi anil second sections, 
15 ■ Positioning the piston head within the first section causes it to be deformed* 
so as to exclude the bore while posidoniog the piston head within the second • 
section allows the piston head to assume its un-deformed state in which the 
bore is open toprovidc a fluid flow path "between the connection port ind 
• the exit orifice. AddidonaUy B .the connector comprises means for biasing the 
20 piston head into the first section so that the bore is occluded. 

Iti farther aspects, the 'piston head is elliptical in croswection and the 
first section of the housing is circular in crott-ieoion. Additionally, the bore 
formed in the piston head has a marquise-shaped cross-section, Le^ of pointed 
, elliptical CToss*ectfon shape when the piston head is in its unJeformed'siate, 
25 * having its major axis oricnted e^rpcndicularry to the major axis of .the 
elliptical cros*Scctiou of the piston head 

In another aspect, the piston is an element comprising a rubber 
. molding that simultaneously serves multiple functions, The top pan of the 
piston element includes the piston* head that is elliptical in shape and has the 
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raarquisoihaped bore formed along iu longuudiaal t he marquise 
shaped bo* and the elliptical outer shape of the piston head are oriented in 
relation w each o.ther such that die rnajor axes of their respective elliptical 
. ihap« are perpendicular w one mother. Thepiston iiead it connected to a 
5 resOieot bottom part of rhe piston element that is generally aecordioaed in 
shape and collapsible. The bottom part thus functions as a compression 
spring thai urges the piston bead into the first section of the bousing. 
Additionally,- ih e interior of the entire piston element serves a* a fluid pith. 

• Alicfnatively, the bottom part of the piston dement may be formed as an 
10 extension spring, such as a diaphragm. 

In a further ispect, tie bore diiraeter of the housing steps down near 
the correction port such that the normally elliptical' piston head, vhen 
received therein, is compressed into a circular cross-section thereby causing 
the. marquise-shaped bore to. be squeezed shut The spring action provided by 
15 the collapsible accordjoned end o/ the piston or by the stretchable diaphragm 
• configuration-serves to bias the jwon head toward the connection port to 

• maintain rt m ks'dc^cwafiguraiiorj. * '.- 

In yet a further' aspect, the piston element includes a tapered 
ramp/lock- section that engages a portion of the housing to limit the 
movements of the piston so that it s flush with the connection port in the 
dosed canfiguratfocv this position, the smooth Eit 'top surface of trie' 
piston head is flush <wth the. connee&cn port thereby eliminating the 
possibility of pooling between .the piston and the bousing and rendering the 
devkc easier to disinfect. 

la yet a further aspect, a taper lip seal locared under the piston head 
and about the piston bare seals the bore so that it can withstand substantial ■ 
internal pressures. 

In additional more detailed aspects, as an external fluid conduit device, 
such' as a male luer, is brought into contact with the top surface of the piston 
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had,;, seal ts formed even before the fluid path into thepiston and housing 
• is opened to prevent any fluid, from leaking cut or iir leaking in. .Upon . 
Auther insertion of the male hier into the hondiift the pinon head fa puihed 
""thehouskgagafcstmeb^^ This 
• 5 • causes the piston head to be positioned within a section of enlarged diameter 
in the housing thereby allowing the piston had to 'assume its .natural 
elliptical rare which causes its inuqu&shaped bote to open. A fluid path is 
. thereby opened through tie piston had, through the interior of the 
. accordioned section of (he piston and into the distal section of the housing 
10 vfchout the need for the male luer to penetrate into or through the piston' 
head. 

• . In farther' aspects. the section of the housing may comprise a Y- 
/«teiJ4oop/T<c^wac^ 

• configurations. . 

IS These and other features and advantages of the present invention. 

become apparent' from, the following detailed description of preferred . 

embodiments Much, taken la canjuncaon with the accompanying drawings, ' 

illustrate by way of cample the principles of the Invention. 

BRIEF DESCRIPTION OP THE pfl f, WHS 
20 FIG. 1 is a perspective view of a connector incorporating principles of 

the present invention; 

HG.2b»'enlargederosi^eetiojid ' 

* FIG. 1 in its dosed poshtoai ■ 

FIG. 3 Is an enlarged cross-sectionil view of the connector shown in 
2S FIG. 2 wfcn a male connector inserted in the cenaector'i connection port, 
thereby moving the piston of the Connector to its open position; 

FIG. 4 is a cross^ecrional view of another embodiment, of 4 connector 
incorporating principles of the invention and showing j in in closed position; 
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^^"■woii^cdcmdvkwofthecoa^ciorsho^ianG 4 with 
a male connector inserted in the conneeto* connection port the*b y moving 
lie piston of the connector to its open position; 

| FIG. 6 It ..further enlarged crosiiecdonal new of the her adapter 
5 component of the connector shown in FIGS. 1 through S : 

FIGS. 7 a and7b are further enlarged eross-scctional side and top view's 
. of the piston component of the connector shown in FIG. 2 with' the view 5 
rotated 90 s from each other] 

FIG. 8a is a crottseoional vfcv of an -alternative embodiment of a 
10 connector Incorporating principles of the invention- 
FIG. 8b u a further «Uaigdcxe«^^ 
connector of FIG, Si showing the piston with an inserted male connectorj 
. • ' FIG. Jis agrotly enlarged cros^ectionJ view of M alternative 
embodiment pisioo head; 
15- . FIGS. 10a through lOd present Afferent configurations of a puton 
. .dement usable in a connector of the present invention; 

FIGS. Ua and lib iUastrare oross*ecrional views of an alternative 
. " embodiment of a connector beorperatbg principle of the present invention ' 

inwhicha center post isinduded. FIG. lib presents the view of FIG, ,lla 
20 taken along lines llb-llb; ' 

FIG. 12 is an enlarged .crws^cdonal view of another alternative 
. embodiment of a connector in accordance with aspects of the invention; and 
FIG. 13 is an enlarged cro«-5ecoonil view of the connector shewn in 
FIG. U-with a male connector inserted for auid.conununicatioft. 
25 PETftll FT> DFSfTUPTTfMJ Cff ffifFF-RRFT? Ci^ptx.r^ '' 

Retiring n OW ro the drawings in which like numeral, refer ro like or 
.corresponding elements among the several figures, then is illustrated in FIGS. 
I through 3 a Y<onneswr incorporating a needleless valve embodying the 
principles of the present invention. /Thisp*ucolire©Meaor^ 
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was selected for iUixstntjon purposes only is the subject needleless vilve can 
be embodied la toy of i variety of eamaoa including, but not limited to, 
J4o0p*. T-Connectors, Tri<onneetois. PUN adapters. Wlocks, dip ben, 

■ tubing eagsj.-'itni device access pins, arid otters. 

5 • At is shown in FIG.. 1, the Y;«uinector 12 comprises a housing 14 
w nunating. in an exit port 20 and having a Y-braneh 21 wish a Y-brarich port 
22. This particular emboduneat also comprises a luer adapter 16 forming* 
•pin of tbe housing aad'that adapter includes a connection port 18. Tbc 
adapter is configured to receive all ANSI standard male toer Erring*, as veil as 
10 other blunt cannula or fluid conduit device In its unaccessed state or dosed 
position, a piston head 2* located internally to the housing is flush with the ' 
surrounding connection port 18 and has a tighdy closed orifice 26 at its 
center. 

FIG. 2 shows in .enlarged c,-<wsectioa the Y<oaneetor of FIG. 1 with 
IS the needleless vata b hs dosed position. The Y4>janch. 21 leads to tbe Y- 
branch port 22 and the dual section if of the housing 14 extends between 
. tbe Y-branch and the rat pott 20. The bousing 14 includes a tubular Section 
28 having a circular aois^ecuon, an exit orifice 30 at its base 31, a support 
tube 29 extending upwardly froro the baseyand a groove 32 formed in the 
20 base surrounding the support tube. The exterior surface of the tubi>Iar. 

section 23 near its proxunal end is stepped slightly inwardly 34 to receive: the 
luer adapter 16 thereover and provide ultrasonic weld geometry. 
Alternatively, the adapter and the hcnising may be joined by a spin weld, snap 
fit, by bonding, or .by ether means. 
25 • FIG. 2 additionally shows the piston element 44 in place within the 
bore 33 of the tubular sccdon 28 captured between the luer adapter 16 and 
the base 31. TKe piston clement 44 includes a total of four bellows. The 
alternative embodiment flluiwated in FIGS. 4 and 5 is similar to the 
embodiment shown in FIGS. 2 and 3, with the exception chat the support 
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tube 29 has been delated, and the piston dement 44a has a total a/ Eve 
* bellow of shallower angle. 

As is Qluuatcd b HG. 6, the interior of the hier adapter 16 has 
sections of variousdUmetere* The section directly adjacent the connection 
S port 18 comprises a stjadard ANSI luex taper section 98 that incorporates a 
very slight inward uper^ The center section 40 has a substantially larger 
diameter and is separated from the taper section 38 by the tapircd ramp/lock 
icttioa 42. Additionally, the inney diameter: of the center section 40 is 
slightly larger than the iiftier diameter of the tubular section 28 of the body 
- 10 14 for reasons discussed below. Finally, the her adapter 16 includes a skirt 36 
that is dimensioned to fit over the stepped proximal end 34 of the tubular 
section 28. to provide ultrasonic weld geometry. • The adapter 16 may be 
molded of a material containing a phosphorescent colorant to rendrr the 
connector visible in a darkened room. 
15. As is generally shown in FIGS. 2 through 5, a resiliendy deferrable 

piston element 44 and 44a is captured between the base 31 of the tubular 
section 28 and the luer adapter 16 in the bore 33 of the housing, 14. While 
the. details of its structure vary slightly from embodiment to embodiment, the 
views of dement 44a shown in FIGS, 7a and 7b serve to illustrate many of 
'20 .the common features! The piston element's: structure 44a which is molded in 
its entirety of rubber in this embodiment generally ■firJwfcc a piston 46 and a 
compressible section 48.' The piston 46, in turn/ includes a piston head 24 
that is elliptical in cross-section and a thick tapei4ock portion. 50 .that is 
circular in cross-section. A marquise-shaped bon SI* is formed along the 
25 longitudinal axis of the piston head 24 and terminates in an orifice 26 at its 
proximal end and a taper Up seal 59 >t its distal end The taper lip seal S9 
comprises a pair of lips 54 uar extend from opposed side* of the bore's aides. 
The lips comprise conical sections that extend from the bore's sides to 
function as a 4cal, The angle of the taper is sdeaed so that internal pressure 
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existing in the valve when the piston is in the closed staxe would force the 

. lips towd Ofle another thereby holdiiig the bore elojci 

As is apparent wb«n comparing FIGS. 7» sad. 7b, the nunniiie-sbiped 
bore 51 is oriented such that its major axis 53 is perpendicular to the major 
ua'55 of the effieu6ny4uped piston heed. Additionally, the transitional 
lection 57 betveen the puton head 24 and the taper lock portion 50 is • 
sDipticaJ and conical in shape vfacmn die major axfr of such' ellipse is parallel 
to the major axis SS of the pbton head and perpendicular to the major axil S3 

. ofihebaneSl. Tliis geomeny further aisisu in naturally biasing the 
marquise-shaped bore tntofts opsn position. Thtf elliptical shape creates an 
outward force paxaBd to die major axis of the elliptical shaped piston head 
smd an inward force parallel to the minor axis. The inward force tends to 
compress the piston in a directioa perpendicular to its major axis pod thus ' 
tends to pull the ina/quistMhapcd bore open when a male Iner applies force to 
the top of the piston moving the piston into the center section 40. of the 
adapter 16, 

The uper4ock portion SO of the piston clement 44 is hMy duck in 
cider to prevent it from being compressed. This thicker section helps to hold 
the piston in the valve at higher mteraa] pressures and also acts as a.divider 
between the spring action below and the opening and dosing of the inartjuise- 
shaped bore above. Although the'pbtoa element 44 is seated in the base 31 
of the housing tightly, extreme internal pretnues may provide a mhstaatnl 
force to push the piston element 44 out of the housing 14 thereby destroying 
is integrity. This thickened portion SO of the piston element provides addci) 
assurance that it will not compress under such internal forces and will hold 
the piston, in position in the housing, 

FIGS. 8a and 8b illustrate tn alternative embodiment wherein the innr? 
diameter of the fibular section 28 is suf&aeady reduced relative die inner 
diameter of the center section 40 6f the adapter 16 to accommodate an 
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annular groove 35 formed in its proximal edge. Section of a circular groove 
37 "* ^ 9ni ? ed «■ ejdl «J of the major axis 5S of the bottofa of tlie.elliptieal 
piston head 24 io provide hooks 25, The books are configured so as to 
•; 4a * s 5 e the groove 35ui the mbular section. Once the hooks have engaged 

5 the groove as * route of die male hier 62 push^ the piste* 24 farther into 
the iJapter It% the hoob vfll oppose further' movjmejn of the periphery oF 
. tl-e piaon and will result io any further male luer forces causing the tore 5 1 

to" open wider, as shown in FIG. 8b.. 

FIG. 9 iuustrates an alternative embodiment wherein a pair of flexible 
•. 10 fla P sS S«*^^il^xhebore5lloiai|^ 

! tancUiiiB capabmtyofdiepiaoa24. ; The angle of. ihc flaps is ideated so U»t 

; • mterail pressure «Hu^1n the valw when the pinori is in iis' closed nue 

would force tie flaps toward one another iherebv tolouig the bore 51 closed. 
In another ^bedimeflt the flaps rr,»y be nade ihiniie* and longer. They 
15 nuy then function u a check valve when the piston is in lis open sure. 

Recorning now to FIGS. 7a and 7b, the bore 5!, in conjunction .with 
the hollow toierior of the caper lock section 5Q aid the hollow 'interior of the 
. "aipressible lection 48, forms a fluid padi fhrough the ea tire piston element • • 
44. The compressible section 48 may comprise aa aeeordianed configuration . 
•20 «*howoiaHGS.2^7a, 7KandBaor,diernaDTCly, an annnlarly or 

helically ribbed struourt that similarly alW for the controlled colkpie of " 
the itmctOTC along its Iongirudinal axis to generate a restoring force. Some 
alternative embadimrmi. ^ e flhutraied. in FIGS. 10a through 10d and jhow 
possible variations in the number, she, and configuration of the ribs or 
. ' . .' 25 bellow Different shapes of the piston dement may be used to improve flo* 

. . rate, activation force, spring return raw. sealmg, piston retention, and 

acceptance of blunt cannulas. The piston geometry variations codd also 
improve the valve function vich fluids that eaniy solidify by removing 
internal annujv grooves and pinch point areas. Modifications include 
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changing the number of bellows, rib,, wall thicket,, height, dieter 1 
duromncr, color, ^geomcoy. P«cl, poioc «« « fonned iro« the 
aaordioaed folds that come copier upon «„pre«Ion of the piston and 
could, under certain condition* trap solidified fluid* to interfere with the 
compression of the putoa. 

la particuW, FJG. 10a shows a compressible .section having five 
bdlow, « per FIGS. 4. 5. 7, and 8 which xeouire , reduced ^tinn force. 
FIG. 10b show, a toapreBihfc section having u external ribbed structure 
wherein the eomp«s*d shape has no pinch ^ HG ; 10c 5W 
compressible section of the piston element vita Knight wills „ i ama5e 
.etivaaon forte > and reduce pinch joIbV FIG. KJd shows a expressible 
section which provides a smooth interior surface upon Compression to 
increase the flow rate. 

' Returning again to HGS. 2. 3, 7* aod 7b f the distal end 45 of the 
compressible section 48 is receive in the groove d in the. base'jl of the 
• • • tubular. section 28 to form a tight seal about the .support tube' 29 and the exit 
°^ e »- Tkf^eleiaeQti^ 

to faeifcatc movent of the piston within the connector and to prevent the 
bore 51 through the piston b«d 24 from being soled clo«d during . 
20 , sterilization. 

In the alternate, embodiments fflustnted in FIGS, 1U and lit -a 
«upport structure, in the foon of a flattened p«t 63. has be« added to the 
intecior of the tubukr seain 28 so „ w pro} «t into *c compressible 
seetion48ofdie P «oa44. The post has . rounded tip 61 that extends into 
25 the bore 51 rfdejtao* element 24 upeni depression of the piston 44 io 
.w.miu opening. Clearance between the postal tip fil and the pomVed 
• erds of the maroja^haped bore 51 facilities flow thereby, while clearance 
between the jhinner oWnsion of the' flattened post 63 and the interior 
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***** of the collapsible section 48 allows for the flow of fluid inio the exit 
o'rifirr.la 

fIGS. 12 and 13 illustrate a farther alternative embodiment wherein an 
extension spring In eke fbim of a diaphragm 64 serirei to biaf the piston 46 
. 5 into its do*ed position, rather than the compression spring approach shown 
in the other 1 figures. The diaphragm 64 extends (rem the base of the taper 
lode section SO' and has an annular bead (6 formed about its periphery. Such 
; bead is captured between .the I\ier adapter Ifiandtheproximaledgeof the 

tubular section 25- Grooves are fanned in these respective' elements to ensure 

10 a positive grasp of the bead element 6£ Thc'posmon of the bead 66 relative 
its point, of attachment, to the taper lock sccwjl K), and the sizing of the 
diaphragm 64 ensure that the diaphragm is preloaded such that it biases the 
tapered shoulder 56 of the pinon 46 tntb contsa with the taper lock secuon 
* 42 of the adapter 16. 

15 Turning now to a more detailed discussion of the operujon of the 

. valve shown in the various figures, the dimensions of the elliptical piston 
head 24 and the marquise-shaped bore 51 are selected such that when the head 
is constrained into the circular interior of the ANSI luer taper section 38 of 
the luer adapter 16. the bore Is complete]/ collapsed to rigLdy. close off the 

20 orifice 26 and cause the adjacent lips' 54 of the Uper lip seal 59 to abut one 
another. * 1 he tapered shoulder 56 of the taperjocic 4 section SO eentaccs the 
ramp/fock lection 42 of the adapter 16 and prevents the .top of the piston 
head 24 from extending beyond the connection .port 18. The internal 
diameter of the center section 40 of the luer adapter 16 is selected such that 

25 the piston head 24 if bee to assume fcs efliptkal shape vhen posi^oned 
therein. This, in cum. allow* the bore 51 to reaoume its natural marquise- 
shape thereby opening a fluid paih through the piston and the connector. 

Referring now to the embodiments shown in FIGS. 2-11, the needleless' 

, * , • • • 

, ! connector is initially in its Unattested state or closed position as shown in 
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seal 59 c, .1 JTvl i ,W ^ ^ ^ U * 54 * * «P« "P ' 

tead 24 into the ANSi bier taper section of adtptufa P mon 

of die coaneaxan pore 18 are cleaned bv ™«,„i. ^ 

. . ' ay, tor example, pjinng a aaSizlDe 

swipe over die smooth surface. The ahsenee of ^ _ * 

«.«(HG.«. Ai the pirns h<*d demihe taptred 
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internal diameter allows the piston bead tb assume ics namnlly elliptical open ' 
shape. This, in mm, allows the bore 51 to assume its natural marquiseH&ape 
thereby opening a fluid path through the piston ami ConrinuiJ pressure by 
the male luer Causes the piston head to be advanced into the tubular section 
28 of the. main body 14. 

In FIGS- Sa and 8b, the slightly reduced inner diameter of the tubular 
section 2tf 'fdvfvo io the diameter of the center section 40 of the adapter 16 
serve* to forther enlarge the orifice 26 of the bore 51 by forring rubber 
material up around the outside of the male tip 60. The hooks 25 formed in 
the bottom edge of the. taper lock section 50 engage an ^nJi r groove 35 to 
positively pull xbe W 51 open. The center section 40 of the her adapter 16 
may be formed to have an elliptical shape wherein hs minor axis is sized • 
slighdy smaller than the minor axis of the piston/head 24. This serves to 
compress the piston fcck^ along its minor axis further ensuring that the bore 
15' attains its folly opened shape. In' the alternative embodiment shown in HGS, 
llaand lib* slight .penaration of the rounded tip 61 of the |w 63, into the 
bore 51 positively ensures the opening of the bore. The fact that the tip> 
rounded and of relatively small diamew prevents it from damaging the. 
piston. It has been found that the embodiment of the post 63 shown does 
not cut, tear, or cause a punching action on the piston when the piston is ' 
mwe^ into contact with the post 63. 

In this position, the connector is fully accessed to provide a short, 
straight, unobstructed fluid path through the connector. At no time does 
fluid flow, about the outside of the pirtonelement emits way through the 
25 connector. A "residual" volume, Lc. Ac volume between the male her and 
the exit orifice, of a* little as 0.04 ml is attainable Air leakage, or the entry 
etf contaminarfon; as veil as the escape of fluid from the device, is precluded 
at all times* 
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post 63. respectively, «« to prevent the compressible section 48 frost 

5 ^ « ensure, adequate dearance die Compressed aewrdW 

section 4$ to provide for flow « d ^ tfc einbc<iuiie« sWo in 
FIG. 3, fluid is directed through the center of the support tube 29. 

As the male luer Is withdrawn, the busing force general by the 
compressible section 48 of the piston element 44, or the stretduble diaphragm 

coniact between ihe piston head 24 and the male Iner tip 62. Trie ilighdy 
larger diameter of the center sectioa 40 of the her ac^er 16 (RG. 6) rebtive 
» die tubular sccrioaM causes die p«oa nper4oek section 50 to freely 
move into position with the shoulder 56 ffTC. 7a) abutting the ramp/lock 
15 section 42 (FIG. 6). Slnwltaneoujly, tbdhpueai piston head 24 is guided 
imo-tbe ANSI luer taper *«ion 38 by.tho'tapoed iamp/Iock serfoo 42 
where it is once »g«n forced into the constrained circular shape cf the ANSI ' 
luer taper sectioa to dose off the bore 51 and reestablish a positive seal. A 
jimilir operation occurs with the embediment shown in FIGS. 12 and 13. 
• 20. While particular form, of thc'invecqon have been ilhiiiraied and 

described, it wfll also be apparent to ihe« s^ed in tiie art riur various 
rnodttcanWcank 

hneaaaa. Accordingly, it is not inioidy that the mv^ 
except by the appended daiau! ' 
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1. A needleless connector valve f"mr»!^g- 

. a hollow housing having » conneeooa port and exit orifice 
wherein the housi ng i ncludes a first section of i fine preselected cross- 
.sectional shape aad si« dipped directly adjacent the couiecdon port and a ' 
second section of a second preselected croi^ctional shape and size situated 
adjacent the first section; - 

a ;oiWl7 deferrable piston head, having a bore formed 
therethrough, received within the housicg.so as to be shiftable bwween the 
first and second sections, wherek positioning of the piston head witftfn the 
first «ct:on causes it to he deformed so as to ctthide* the bore vhfle 
postiohug of the piston hod yithin the second section alio** the piston 
head to assume its tunJrformed state in which the bore is wradaded'to 
thereby provide a fluid path between the connection port and the exit orifice; 
.and 

means for biasing the piston head into the fiwt section to close' 
off the fluid* path. • 



2. - The nee^eless nmnector valve of claim 1 wherein the piston 
head it ellipiical in cWseoion, and dwfimieciioa of the housing b 
circular ia cross-section. 

3. - The needleless connector *alve of claim 2 wherein the bore 
formed in the piston head has a nai^uise^haped croswettion having its 
major axis. orieACed perpendicwlariy to the 'major axis of the elliptical cross- 
section oi the pistoa head: 
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The needleless connector wive of claim 3 .wherein the second 
section of the homing ii circular in aonscaica nd '^ltn&x the diameter of 
ib* second section is greaier than tie jdumeccr of the fine section. 

. * • 

' S. The needleless connector valve of claim 4 wherein a 
fruabcofliol section separas the first and second sections of tie housing, 
and wherein the piston, head has a upcHock section extending <&u&y 
therefrom lhat conform w the frustoconiej' section so as to. limit proximal 
movement of the' piston head to a posrtiWiush with the surrounding 
connection port^ 

& The needleless connector valve of claim 1 wherein the biasing 
means comprises a hollow resiUendv collapsible member extending distal!/ 
from the piston head and sealmgly seated about the exit orifice. 



7. llie necdUess emmeoor valve erf claim 6 wherein the hollow 
collapsible member comprises a Quid path between the piston head and the 
exit orifice. 

R. . The needleless connector valve ,of claim 7 wherein aiapcrJock 
section of areolar erosKection is dhposcd between the piston head and die 
resHicpdy collapsible member. 



l - 9, The needleless connector valve of claim 5 wherein a section 
elliptical and conical La dupe Is position*! between said piston head and aid 
taper-lock section, . . 
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10. The needleless connector valve of claim 9 wherein the piston 
head, the uper-lock section and U« resOiendy collate member comprise * 

* single rubber molding. 

11. The needleless connector valve of claim 10 wherein a taper lip 
seal is formed about the distal end of die bore. 

u « The needleless connector valve of. claim 1 wherein the ' 
connection port is dimeasioced to receive a male iuer. 

• ! 

Th f coflnectof.yalre of claim 12 whereto the housing 

Includes means for enabling the luer to lock thereto. 

I » 

**• " A "needlelea cooaector valve, comprising: 

a hollow housing having a connection port and an exit orifice 
' :'■ wherein the housing includes a first section of circular exoss^ecrion having a 

first diameter disposed directly adjacent the connection port and a second 
5 section of circular eroswecdoh having a second diameter larger than the first 
'' diameter disposed adjtcent the Got section; 

a res&catjy- deiorxnable piston head of elhpde^ erow-section, 
having a bore formed therethrough oriented Jang its longitudinal axis, 
received within the housing ro as. to be ihifuble between the first and second 
10 sections, wriereia pwltioning of the piston head in the first section causes h . 
' 10 k Moaned so as to have a areolar cross*ection thereby occluding the 
. ^««ttdeUagtt«wtxir^ 

second section allows it to assume is un-deformed elliptical shape in which 
Uw bore octending therethrough is un-occhided to thereby provide a fluid 
path between the connection port and the exit orifice; and 
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" «^^biaring the p^^^^^ 

off the fluid path »herebv in* a «,\,n A r . n. m .. . aMe 
r*a nutoytnsenion of *flmdco«diar device* into the 

connecuon port juves to shift the risian W 7„~. .u J . 
epeo the fluid path. ' • the second section to 

.;tt *H^«i«r* rfdlitUltelh4itai 

formed -the piston ha, an dlijKkal ^ hiviag itJ - ^ 

. i^hdufy oriented Native the major ^ of the dbpial co^oion 

of the piston head 



meuu 



16. Th* M.dkl^ connector valve ^ ^ ls . vhcnia 

eoaprises a holW res^dy colLpsihle. xneinber extending distally 
the piston head aad^y ^.^^^^^ • 

* * * 

17. • The aeedldea connector valve nfdai* 16 wherein the biasing 
means compmej u accordicncd structure. 

• 18. The n ee dWe« corrector *»k*of dain, 17 wtfircin ^ ^ 
head and the re,^ collapsible member eenprise a sin* „ bber moltLllg . 

^19. The needleless connector v*e of daim « further conprising a 
taper Lp *al ^oned about the distal end of the bore extending through 
the piston head. 

20. The needleleti connector valve of dak-. .18 wnertin the piston 
head, ha, a flat proximal nuf.ee; and further eo.aprising m«ni to limit 

"rr^^^^-l*^*^:*.!^ wherein 
the flat surfcee it flush with tie connection pan. 
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21. • The needleless connector valve of claim J3 wherein die 

• ""f"* t membw » ««* P"»vW« a fluid p.* between *« piston 

bead and thcexit orifice. 

22. The needleless connector vah* e f eUim 21 wherein the 
connection port is dimensioned, to receive a 1^. 

23. The aedletess cmuwcw valve of claim 22 wherein the housing 
includes means for enabling the hier to lode thereto. : 

24. A valve mechanism for incorporation -ithin a connector device 
having a bare formed ih^u, extending b«we« a connection port and » 
exit orifice, whema the bore has a first section of reduced tiiameter directly 
adjacent the connection port and a Second Section of enlarged diameter 
distaUy adjacent the first section, comprising: 

a raiMy dcformable piston head of elliptieaj crets^cnon 
having a bore extending therethrough, wherein'dw piston head is disposed 
within the connector device so as to be shiftaUe between the first and second 
sections, and wherein positieDJng che piston head within the fust section 
causes it to be deformed to a circular shape to occlude the bore extending ' 
therethrough Vbifc positioning the piston head in the second section allows 
the piston head ip assume its Uniformed dfcpticaUhape wherein the bore is" 
. un-occhded to provide a fluid puh ^ connection port to exit 1 
orifice; 

> menu for biaiing the piaon bead to position in the first jectlon 
to dose off the fluid path whereby insertion of a fluid conduit device into the 
connection port serves to shift the piston head into the second section to 
. open the fluid path. . 
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2S. The v** mecWim of chim 24 whereL, the bo« eWh,* 



ifi. The vjve mecWan of chum 25 herein die biaJ 
compfie, a wflieatly cdl^il^^ of the pi™ id 



means 



* hoUow to provide , fluid pad, between the pi*,, he,d „d the 
exit orifice 

The vjvc medunUm of claim * father complin* ^ for 
position fluih with the connection pert. 

2* The vaJve ^ of cW, 26 further co^riacg a Bper ^ 

*d penned tboutthedWendofthe bore evading through the putoa 
bead. 
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